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TRENDS IN THE TERMS OF EXCHANGE AND 
PRODUCTIVITY IN THE NEW ZEALAND DAIRY INDUSTRY 
This paper sets out the available information on price 
trends facing the dairy industry since 1948/49! and Borne estimates 
of productivity increases over the same period. The general aim 
of the paper is to ascertain how the dairy industry has been 
affected by the so-called Ilcost-price squeeze!! and to examine how 
the adverse effects of the squeeze, if any, have been overcome by 
increased productivity. The data available to carry out this 
exercise is not perfect and some space is therefore devoted to setting 
out how the various data series were obtained. 
For the prices received series there are four sources of 
information: 
(a) The Government Statistician's Gross Farm Income calculation. 
In this calculation, the dairy industry is treated separ-
ately and gross income in current prices is defined as the payout 
to suppliers during the season by factories producing butter, cheese 
and dried milk and other products. The basis of valuation is the 
farm gate, the estimated cost of transport of milk being deducted. 
An estimate of the value of raw milk consumed on farms is included 
at farm gate prices, The value of bobby calves sold is included 
and also any changes in the evaluation of livestock. The 
calculation does not include cull cows, nor pigs sold. 
In the same calculation the Government Statistician gives 
an estimate of the volume of production on the same definitional 
basis, and if the index numbers representing the value series in 
current prices are divided by the volume indices, the implicit 
product price change for dairy farms results. 
Any unit value derived in this way will include town supply 
dairy farm payouts as well. 
(b) The Year Book Statistical Summary of Production. This 
table sets out details of total butterfat production, 
yield per cow in milk and average payout per pound of butterfat 
to suppliers. The payout price is based on prices for butterfat 
for butter and cheese making and does not include payments for 
non-fat solids in whole milk delivered for butter manufacture. 
It also excludes town milk supply. 
Since the percentage of butterfat delivered to factories 
in whole milk has increased from 55 per cent in 1961/62 to 86 per 
cent in 1968/69, it is clear that the above payout series could 
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seriously underestimate the true unit price of products at the 
farm gate. 
belowQ 
The extent of such an underestimate is discussed 
(c) Factory Production Statistics of Factory Purchases. 
Materials bought by butter and cheese factories are 
enumerated under Industries 210 and 211, and exclude town milk 
supply" The cost of butterfat shown includes inter-factory 
transfers of whole cream and whey cream for butter and cheese 
factories, but payments to farmers are stated as well. The 
use of materials by other milk product factories (which may 
in fact be part of the same organisation as for butter or cheese) 
includes whole milk, cream, skin milk and buttermilk, part of 
v!hieh has already been accounted for as materials used by butter 
and cheese factories. 
It is thus necessary to add materials used for both 
industries to obtain total whole milk purchases by factories, 
while at the same time allowing some double counting of materials 
to occuro This series of whole milk purchases in current prices 
(which extends back to 1953/54) can then be divided by total units 
of butterfat processed by dairy factories (from Annual Reports" 
of the Dairy Board, Table 13) to obtain an approximate unit value 
of whole milk at the farm gate. Sihce dairy factory accounting 
years can also vary by 1 or 2 months each way? this method of 
obtaining a unit value series can only be useful as a check on 
other series available6 
(d) Purchase Prices of Cheese (N.Z. Dairy Board Annual Report, 
Table 19). This table shows the basic prices per lb. of 
butterfat at factory door for cheese. In recent years, the value 
of whole "milk for cheese manufacture has approximated quite well 
to the value of whole milk for butter manufacture plus by-products 
(personal communication from Mr C. Patrick~ Deputy Assistant 
General Manager, New Zealand Dairy Board) so that cheese basic 
price unit values can also be taken to represent average farmer 
unit values, subject to the fact that transport has not been 
allowed for. 
Table I shows index numbers of prices received by dairy 
farmers based on the four sources of information just outlined. 
It should be remembered that the Gross Farm Income derived index 
includes a weighting due to town milk unit prices, which the other 
three indices exclude. Graph I sets out the four indices of 
prices recieved and immediately makes clear the growing discrepancy 
between the payment for butterfat for butter and cheese making and 
the remaining 3 series. 
TABLE I 
Indices of Prices Received, N.Z. Dairy Farming 
1953/54 = 100 
Gross Income Butterfat for Factor~ 
Series Butter & Cheese Pazments 
for 
Materials 
(a) (b) ( c ) 
1953/54 100.0 100.0 100.0 
1954/55 96.1 98.1 89.2 
1955/56 97.5 97.6 99.7 
1956/57 98.7 97.9 102.0 
1957/58 95.8 94.8 96.9 
1958/59 88.9 84.2 89.0 
1959/60 98.6 97.1 99·5 
1960/61 90.2 86.1 89.7 
1961/62 90.6 85.0 90.9 
1962/63 90.4 84.5 90.9 
1963/64 95.8 89.9 96.1 
1964/65 104.7 94.6 106.2 
1965/66 108.7 93.3 105.4 
1966/67 112.6 92.1 110.1 
1967/68 105.8 86.8 102.2 
1968/69 103.2 85.1 N.A. 
Sources see text. 
Cheese 
Pa;yment 
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97.4 
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It is clear that the implicit index derived from the Gross Farm 
Income calculation is largely determined by whole milk payment 
prices, as both the factory purchase series and the basic chees'e 
payment series move together throughout the period shown in the 
Graph. All three series are imperfect for one or other of the 
reasons stated earlier, and the final choice of the Gross Farm 
Income series proposed here rests on the established authority 
of the Statistics Department compared with the incomplete coverage 
each of the other two series exhibit. At some time in the future, 
the Dairy Board intends to produce new statistics on the value of 
manufacturing milk, at which time the appropriate index for a terms 
of exchange calculation can then be readily calculated. 
The index of prices paid by dairy farmers is calculated 
annually by the Supply Divisio~, New Zealand Dairy Board, and covers 
a representative range of goods and services used by dairy farmers. 
The series has been calculated since 1949, and has recently been 
slightly revised (N.Z. Dairy Board Bulletin for March 21, 1969) as 
compared with the series published in 1967 (Index of Prices Paid 
by Dairy Farmers, Supply Division, August 1967). 
Table II brings the prices received and prices paid 
indices together and shows the resulting changes in the farmer's 
terms of exchange since 1948/49. Graph II shows the three series 
plotted for the same years. Broadly speaking, payout prices 
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TABLE .:n 
Index of Dairy Farmers Terms of Exchange 1948/~9 
1948/49 ~ 100 
Received ~ ~ 
1948/49 100.0 100.0 100.0 
1949/50 107.2 106.4 100.8 
1950J51 113.6 119.1 95.3 
1951/52 127.0 126.2 100.6 
1952/53 137.8 131.2 105.0 
1953/54 144.3 135.5 106.4 
1954/55 138.8 140.6 98.7 
1955/56 140.8 142.8 98.5 
1956/57 142.6 145.4 98.0 
1957/58 138.3 149.6 92.4 
1958/59 128.8 150.4 85.6 
1959/60 142.6 150.6 94.7 
1960/61 130.2 154.1 84.4 
1961/62 130.9 156.2 83.8 
1962/63 130.8 158.2 82.7 
1963/64 138.4 159.1 86.9 
1964/65 151.1 160.8 93.9 
1965/66 156.7 164.0 95.5 
1966/67 162.7 169.5 96.0 
1967/68 152.8 175.7 86.9 
1968/69 149.0 179.9 82.8' 
Provisional 
Prices Received Gross Farm rncome calculation. N.Z. Year Book. 
Prices Paid N.Z. Dairy Board Bulletin, March 21, 1969. 
improved:at;a faster rflte"thatl,prices .of inputs in'.the earlY,"1950's 
and again in the early 1960-'6. ·Between 1953"and 1962:~_'payout 
prices' steadied at a,"level, some 30..:40: peli' cent alilove -1948 levels, 
while input prices continued to rise at about 2 per cent per year. 
Since 1966 payout prices have been falling while input prices have 
continued to rise. 
The terms of exchange of farmers only declined below 19~8 
levels from 1956 onwards, and had recovered almost back to the 
1948 level in the early 1960's. At present, i.e. in 1968/69, 
the terms of exchange are 18 points lower than in 1948, and have 
declined 14 points since 1966/67. 
In the twenty years since 1948/49 there have been major 
structural, technological, and market changes in the dairy industry_ 
While butterfat supplied to dairy factories has increased from 
396m.lbs. to 594m.lbso C+ 50 per cent) the number of registered 
suppliers has dropped from 53,200 to 25,700. The actual number 
of full-time suppliers to dairy factories in 1968/69 is less than 
25,000 as the Government Statistician calculates that there are 
24,817 herds of 10 cows or more, including town supply farms, in 
the whole of New Zealand. On a very broad basis, however, 
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deliveries of butterfat per registered supplier have increased in 
the twenty year period from 7,4001bs. to 22!2001bs. of butterfat 
per supplier! 
For a number of years the Dairy Board recognised that output 
per registered supplier was unduly influenced by small herds on 
irregular factory supply and estimated effective production per 
farm and per cow for all suppliers with more than 10 cows. Up 
to 1961/62, when the original calculation in this form ceased, 
butterfat delivery per effective supplier had increased from 
11,7201bs. in 1948/49 to 17,4001bs.! an increase of 48 per cent 
in 13 years (3 per cent per annum). 
From 1961/62 to 1966/67, herd size was calculated on a new 
basis, hence 
period. In 
a comparable calculation cannot be made for this 
19,67/68 the Board changed its basis of calculation 
again as the method of estimating average herd size was becoming 
more unrepresentative than previously realised. 
In its most recent Annual Report, the Board gives estimates 
of butterfat per cow and average herd size for all factory supply 
farms with 10 cows or more, which now presumably best represents 
the average full-time suppliers to factories. 
From this information it appears that the broad 
productivity trends in the last 20 years have consisted 
of an increase in butterfat per cow from 2351bs. to 3001bs. 
an increase in herd size from 48 milking cows to 89~ and 
an increase in butterfat output per supplier from 11,3761bs. 
to 2~·,4751bs. Thus output per farm has more than doubled 
in the twenty year period, giving an annual rate of increase 
of 3.9 per cent per year. 
For many years~ the Government Statistician has analysed 
and published the results of a random sample of dairy farmers 
drawn from the tax returns. Since 1956/57, this source also 
gives an estimate of butterfat per farmer, which provides a good 
check on the Dairy Board analyses of factory payouts. T~ble U! 
sets out output per supplier as derived by the two methods. As 
might be expected, output per farm is slightly higher in the 
Governme.nt Statistician's sample as the selection of the sample 
is based on dairy farmers who obtain 90 per cent of total gross 
income from dairy products including pigs. 
Over the period from 1956/57 to 1967/68 the rate of increase 
in output per farm has been 4 per cent per year for the Government 
Statistician's sample and 4.7 per cent per year for the Dairy Board 
analysis of all suppliers to dairy factories with more than 10 cows. 
This higher rate of increase is undoubtedly explained in part by a 
continued dropping out of part-time suppliers to factories as the 
years pass. 
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TABLE III 
Trends in Butterfat Supplied per Farm 
Government Statistician's Dair;:l Board 
Sample Suppliers 
1956/57 15,900 14,112 
1957/58 17,700 15,232 
1958/59 18;800 16:017 
1959/60 18,800 15,618 
1960/61 19,600 16,166 
1961/62 19,700 16,616 
1962/63 20,000 17,550 
1963/64 20,550 18,961 
1964/65 22,400 20,860 
1965/66 23,650 22,816 
1966/67 24,500 23,840 
1967/68 21{,450 23,564 
1968/69 N.A. 24,475 
Sources 1 • Supplement to June 1969, lIonthly Abstract 
Statistics. 
2. N.Z. Dairy Board, 8th Annual Report, 1969, 
Table 4. 
Taking the 3,9 per cent rate of increase in the 
dairy survey from 1948/49 to 1967/68, referred to 
above, it is clear that average output per factory 
supply dairy farm has been increasing at a long run 
rate of at least 4 per cent per year. 
of 
It is highly desirable to be able to say more about farm 
productivity than this. In particular:! there is a ;need to specify 
the rate of increase explained by new technology over and above 
changes in levels of resource use. To fully analyse such a 
hypothesis requires measures of the real use of resources in the 
industry for a reasonable number of years as well as real output 
which has been discussed above. At present in N.Z. I such 
information on a single sector of agricultural 'industry has not 
been calculated. The particular problem in such an exercise being 
the lack of data on real capital employed (especially in land and 
buildings) and the actual number of labour units engaged. 
The Dairy Board does new have five years data for its 
survey of the economic structure of factory supply dairy farms 
and '1Jork is proceeding at the College in analysing productivity 
trends from the data on capital and labour available in this sample 
of farmso If the gen~ral production function for the typical 
farm is represented by~ 
where: 
Yjt the log of output of firm j in year t1 
Xkjt the log of input k used by firm j in year t, 
a 
00 
a general constant, 
a 
oj ~ a "firm l1 constant, representing management levels, 
a 
ot ~ a "time" constant, 
a 1 ••• ap ~ exponents of the true production function, 
Ejt an error term, 
then any trends in the constant a
ot presumably reflect real 
changes in technology which are not explained by changes in the 
Xk • In an actual analysis, of course, a ot will also include 
weather effects, so that a reasonable period of time should be 
analysed so that the teChnology effect out-weighs the weather 
effect. In a recent study, Lewis has estimated rates of growth 
of technology for Southland fat lamb farms of 2~2 - 2.4 per cent 
per year by the above method (Agricultural Economics Research Unit 
Technical Paper No.9). 
One other aspect of productivity trends which can 'be 
analysed at this point of time is the change in factor output in 
the industry as derived from the Government Statistician's sample 
of dairy farmers. Information is given in this survey of gross 
income per farm, and all current inputs per farm which enter into 
the income tax calculation of the individual farmer. If all 
material inputs (excluding rents and interest and wages) are 
deducted from gross income, a measure of factor income, or contrib-
ution to national income by the industry, i~ obtained. 
By using the index of prices received in Table II as a 
deflator, it is possible to calculate trends in gross income per 
farm and factor income per farm in real terms. By using the same 
deflator for both gross income and material inputs, it is implied 
that factor income is the residual output after materials have been 
paid for in terms of butterfat produced. 
The following rates of increase have been calculated at a 
slide-rule degree of accuracy and do not represent fitted expon-
ential rates of increase. The basic data is as follows: 
Gross Deflator Gross Real Factor 
Income 1222':::24- 100 OutEut InE;uts OutEut 
Average of 48/49 
and 49/50 $3,888 71.7 $5,418 $1,946 $3,471 
Average of 66/67 
and 67/68 $9,935 109.2 $9,103 $3,745 $5,357 
Annual rate of 
increase 3% 3.8% 2.5% 
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As might be e_xpected~ it has taken an increasing proportion 
of gross output to pay fer material inputs used in dairy farming 
as a whole. Thus part of the increase in gross output is required 
to pay for the increased cost of inputs and part is available as 
a return to the factors of productiono Gross income in the 
Government Statistician's sample includes income from bobby calves~ 
cull cows and pigs and has grown at a faster rate than butterfat 
income alone. In spite of the declining importance of pigs of 
dairy farms, the increased value of livestock sales has apparently 
increased "other income" from 12 per cent of gross income in 
1948/49 to 19.5 per cent in 1967/68. Thus butterfat returns in 
the sample have increased at less than the 3 per cent per year 
shown above, and in fact increased at about 2e4 per cent per year 
for the 20 year period. 
The following conclusions seem to be warranted by the above 
analysis: 
1. For the 20 year period factory deliveries as a whole 
(Dairy Board data) increased at an annual rate of 2.1 
per cent. 
2. As suppliers have decreased in number, butterfat deliveries 
per farm have increased at an annual rate of 2.4 per cent. 
3. Taking other products into account, gross output of dairy 
farms has been increasing at an annual rate of 3 per cent. 
4. Prices of inputs have risen faster than prices of outputs 
for the period as a whole, hence the amount of butterfat 
required to pay for non-factor inputs has increased at 
3.8 per cent per year. (The real· increase in the level 
of inputs is about 3 per cent per year.) 
5. There is still a considerable increase in product available 
to the factors of production, and this appears to have been 
increasing at an annual rate of 2.5 per cent. Up to 1960 
there was a decline in the proportion of factor income going 
to rent, interest and paid wages~ since 1960 it has levelled 
out. 
6. Further knowledge of the industry is required to ascertain 
whether this rate of 2.5 per cent is in excess of the rate 
of increase of real inputs of capital and labour over the 
period. Since labour inputs have presumably been static 
or declining, this boils down largely to a question of 
whether the real input of capital employed has been 
increasing at '2~5 per cent or less. Some evidence for 
this hypothesis will be forthcoming when the above co-
variance analysis is completed. 
